INTRODUCTION
The main mineralogical constituents of high alumina cement that have hydraulic activity and which are important for the manufacture of refractory concretes are: monocalcium monoaluminate (CA) and monocalcium dialuminate (CA 2 ) which, by hydration, develop mechanical strength. To achieve a refractory concrete that can be used at very high temperature, it must be use high refractory hydraulic binders such as high alumina cement with a content of alumina ≥ 70%. An alternative technological option that can have the same result, and which it is showed in this paper, is to design a binder matrix whose value of molar ratio Al 2 O 3 /CaO is higher than the one corresponding to monocalcium dialuminate [1, 2] . The types of binder matrix (high alumina cements) used in this papers are base on CA6 and CA2, on CA2, CA and closer to stoichiometric CA2 (an industrial Alcoa cement). But once the value of molar ratio Al2O3/CaO is increasing the interaction with water of the mineralogical compounds is decreasing together with it the mechanical strength decreasing, too. But in the calcium aluminates series, the refractoriness increases with the basicity decrease and enrichment in alumina as follows: C12A7<CA<CA2<CA6. The mineralogical compound with the highest refractoriness from the calcium aluminates series is CA6, whose Al2O3/CaO molar ratio is 6:1. However, due to the fact that with the enrichment in alumina of the mineralogical compound the hydraulic activity decreases dramatically, the presence of CA6 was avoided [2] . To counteract this deficiency it can be use some additives with activation of hydration properties for CA 6 . From the great variety of high alumina cement activation of hydration must be chose the one that improve the physical and mechanical properties at room temperature and which do not affect refractoriness. One such activation of hydration is calcium sulfoaluminate. The data from literature indicates that it presence can enable interaction with water of high alumina cement, especially of the high refractory mineralogical compounds: CA2 and CA6 [3, 4] .
MATERIALS
The raw materials used to made high alumina cements on CA 6 and CA 2 and, respectively, based on CA 2 , were reactive alumina (Al 2 O 3 content = 99.50%) and calcium carbonate (CaCO 3 content = 99.70%).
The raw materials used to made calcium sulphoaluminate, the activator of interaction with water for CA 6 and CA 2 , were reactive alumina (Al 2 O 3 content = 99.50%), calcium carbonate (CaCO 3 content = 99.70%) and dehydrate calcium sulphate (CaSO 4 ·2H 2 O content = 99.98%).
In order to achieve the high alumina clinkers, which by grinding were obtained cements based on CA 2 and CA 6 and respectively based only on CA 2 , we used the CaO-Al 2 O 3 binary system to choose the composition of mixtures of raw materials and heat treatment temperatures. For increasing the molar ratio Al 2 O 3 /CaO form high alumina cement based on CA and CA 2 was used reactive alumina.
The high alumina cements based on high refractory compound were characterized in parallel with the additivated samples and with the increasing Al 2 O 3 /CaO molar ratio samples. The percent in which the additive (calcium sulphoaluminate -C 4 A 3 Š) was added to the cement is 5%. The Al 2 O 3 /CaO molar ratio was 4.0 for the high alumina cement based on the usual cement with molar ratio Al 2 O 3 /CaO = 2.5 with addition of alumina (see Table 1 ). 
EXPERIMENTAL CONDITIONS
Before starting to characterize these types of cements, they must t o be identified in the CaO-Al 2 O 3 binary system characteristic to the super aluminous cement, shown in Figure 1 .
The point shown in Figure 1 by C1 corresponds to the mineralogical composition of super aluminous cement based on CA 2 and CA 6 and C 2 point corresponds to the mineralogical composition of super aluminous cement based on CA 2 . Regarding the location of industrially super aluminous cement composition, it is known only the fact that it can be located in CA -CA 2 subsystem. It can be seen from Table 1 that all three cements have an alumina content exceeding 70%, threshold limit value considered for an aluminous cement to be use in making refractory's used in applications that can be use at very high temperatures. In the Figures 2 to 4 are presented the X-ray diffraction spectrum of cements used in the experiments presented here in order to show that the composition corresponds to the chosen propose. Analyzing the peak intensity of ordinary super aluminous cement, the following mineralogical compounds were identified: CA (2.9625Å, 4.6672Å, 2.5132Å) and CA 2 (3.5000, 2.5990Å, 4.4400Å), together with A (2.0650Å, 2.5230Å, 1.5900Å).
Well defined peaks of alumina presence from the composition of ordinary super aluminous cements is explained by the fact that usually the one obtained in industrially have the composition corrected by adding alumina, thus explaining the high alumina content obtained by chemical analysis which does not correspond to the place in CaO-Al 2 O 3 binary system.
Analyzing the shape and intensity of the peaks corresponding X-ray diffraction spectrum of the experimental super aluminous cements presented in Figures 3 and 4 , it can be seen that in the analyzed samples were formed the mineralogical compounds wanted: CA 6 (2.4780Å, 2.6230Å, 2.1090Å) and/or CA 2 (3.5000, 2.5990Å, 4.4400Å), corresponding to the composite selected from CaO-Al 2 O 3 phase diagram for these cements. Along with these compounds was also found unreacted alumina (2.0650Å, 2.5230Å, 1.5900Å) from the raw mix. 
RESULTS AND DISCUSSIONS
For a better understanding of the properties of the new high alumina cements, the results obtained after the physical and mechanical characterisation will be presented versus the ones obtained on the same cements but with 5% additive and with the one with addition of alumina, see Table 2 for characterisation at normal conditions and Table 3 for characterisation after exposure at high temperature.
Regarding the water content for standard consistency for the high alumina cements types studied in this paper is correlated with specific surface area and complies with the recommended values (see [5, 6, 7] ).
Setting time of high alumina cements is related with the mineralogical composition. As it was anticipated from the moment of choosing the compositions of sintered alumina cement based on CA 2 and CA 6 , the initial setting time and final setting time are much longer than those of high alumina cement based on CA 2 that has a higher basicity.
With the addition of 5% C 4 A 3 Š the initial and final setting times of high alumina cement were significantly shortened, Table 2 . The initial setting time was reduced by approx. 63% -64% and final setting time was reduced by approx. 80 -84% for both high alumina cements with additive versus the samples without additives.
The values of compressive strength obtained for high alumina cement based on CA 2 and CA with molar ratio Al 2 O 3 /CaO = 2.5 are high, even at low hydration time. This was expected because in the composition of this cement are found mineralogical compounds with high reactivity towards water.
The presence of reactive alumina lead to a very low improving of the compressive strength is attributed, probably, to the increased of workability and/or to the surface activity of the particles of alumina with positive consequence in the strength structures. * It assumes to be the same as the cement of whose composition we try to improve.
The compressive strength values of high alumina cements (Table 3 ) showed a strong influence to the temperature treatment at which they were exposed. All high alumina cements showed a decrease in compressive strength in the temperature range 110 compounds present at high temperature. The decrease in compressive strength was higher for samples with additive, comparing to the one without additive, explained by the stronger hydration of the samples with additive. In the case on high alumina cement based CA and CA 2 with molar ratio Al 2 O 3 /CaO = 4.0, the increase of compressive strength was higher than that reported to the strength values of cement without addition of alumina. Those increased values of compressisive strength were explained by XRD and SEM.
The XRD helped to identify the mineralogical compounds presented in cement samples exposed to high temperatures, thus explaining the good behavior of the samples. After the exposure at 1600 o C representative samples from all cements were exposure at XRD. The characteristic mineralogical components of every cement samples are presented in Table 4 . The XRD of the samples highlight the presence of CA 2 in all high alumina cements, very well crystallized and the presence of CA 6 only in cements based on CA 2 and CA 6 and, at the same time -in a smaller amount in the sample in which the molar ratio Al 2 O 3 /CaO was increased. This fact is due to the movement of the composition from the CA-CA 2 subsystem to the CA 2 -CA 6 subsystem for the cement with increase molar ratio Al 2 O 3 /CaO. The crystallization of CA 6 , although is not very good, was favoured by high temperature and oxide composition of the sample, thus explaining the good mechanical behaviour of this sample at high temperature.
The presence of additive was not detected after heat treatment at 1600 o C, due to its low stability at temperatures higher than 1450 o C.
The samples under investigation by thermogravimetric analysis are samples of super aluminous cements hydrated for 3 days. Hydrated cement samples for 3 days were dried before tests achievement for 3 hours in desiccator on calcium chloride, because traces of water that could be in samples to not influence the tests. Figure 5 presents the results of thermogravimetric investigations up to 1100 o C obtained for super aluminous cements. Looking at Figure 5 we can see that with increasing temperature the mass loss is higher. These effects can be highlighted by DTG curve. It can be seen that first effect occurs around 70 o C. This mass loss can be attributed to the existence of t h e water physical bound and of hydrated metastable compounds (C 2 AH 8 -in the case of all cements or CAH 10 -in the case of ordinary super aluminous cement) transformations in stable hydrated compounds (C 3 AH 6 ).
The intensity of this effect is higher for super aluminous cements based on CA and CA 2 and for the one based on CA 2 . This because these cements presents more reactive mineralogical compounds in higher amounts than the one based on CA 2 and CA 6 , because in this cement only one compound shows reactivity towards water. This does not mean that it does not present mass lose, but as it intensity is lower. The second area of mass loss occurs in the temperature range 180 -280 o C, where take place the partial dehydration of C 2 AH 8 , C 3 AH 6 and AH 3 . Data from the literature indicate that in this temperature range the dehydration of C 3 AH 6 goes to C 3 AH 1.5 , of C 2 AH 8 to C 2 AH 4 and of AH 3 to A [2, 8, 9, 10, 11] , thus explained the mass loss and the high peak intensity from the curve DTG.
Regarding the third temperature range in which take place significant mass loss, this is included in the temperature range 600 -730 o C. This temperature range corresponds to complete dehydration of the hydration products, with the formation of C 12 A 7 and CA, followed at 1000 o C only CA and CA 2 to be meet.
In Figure 6 are presented the electron micrographs of the high alumina cements after the exposure at 1600 o C. The SEM performed on samples exposed to 1600 o C comes to support both compressive strength values of cement samples and mineralogical compounds identified by XRD. It can be seen from Figure 6 that high alumina cement samples without additives shows better defined crystals ranging from 1 μm up to 40 μm for the sample base on
